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DEVICE FOR MEASURING AND INDICATING 
CHANGES IN RESISTANCE OF A LIVING 
BODY 

Lafayette It. Hubbard, Saint Hill Martflr, 5 

East GrEpstead, Ifoglftftd 
Filed June 7, Scr. No, 46:>,24£ 

1 Claim. (CL 324—62) 

This is a continuation-in-part of my application Serial io 
No. 82,100, filed Jan r 11 , 1961 anti now abandoned, for 
“Resistance Measuring or Indicating Devices.” 

This invention relates to resistance measuring or indi¬ 
cating devices and is concerned more especially, but not 
exclusively * with devices for indicating variations in the 15 
electrical resistance of tlie human body. 

In accordance wilh the invention there is provided an 
electrical resistance measuring or indicating device com¬ 
prising a bridge- network having: on one side Ihereof a 
first resistance arm connected to a second resistance arm £0 
and on the olher side thereof, a first, voltage arm connected 
to a second voltage arm, there being between the junction 
of the first and second resistance arms, and the junction of 
the first and second arms, a transistorized amplifier circuit 
and indicating means responsive to changes in balance of £5 
the bridge network so as to indicate or measure the re¬ 
sistance, or variations in re&fttattce, of a subject such as a 
body or part connected to the network across one of said 
resistance arms. 

In a preferred form of the device, a first variable poten- 3D 
tlomeier means is associated with one of the voltage arms 
for control!Eng the range over which the device con 
operate in the indication of variations in resistance am! a 
second variable potentiometer means is arranged between 
the junction of the first and second resistance arms and 36 
the amplifier circuit, the arrangement being such that 
when the bridge network becomes unbalanced by (.lie ap¬ 
plication of a subject thereto, balance can be restored by 
(tie adjustment of the first poteniometej* means .so that the 
indicating means will respond so very smaEl changes in re- 40 
sistance of said subject. 

For a better understanding of the invention and the 
method by which it is to be performed, an embodiment 
thereof is shown in the accompanying drawings, wherein, 

FIGURE ] is a schematic diagram illustrating foe basic ^ 
circuit of a resistance measuring or indicating device. 

FIGURE 2 is a complete circuit diagram thereof. 

FIGURE 3 js another complete circuit diagram of the 
device, ant! 

FIGURE 4 is a front view of the device. .50 

Referring to FIGURE I ? the device comprises a net¬ 
work arranged to provide what may be termed a “voilage 
ratio-arm” bridge comprising on one side two resistance 
arms constituted respectively by resistors R! and R 4 
which form a potential divider adjusted to s ratio of 4 ‘ L 55 
The- other side- of the bridge network comprises one 
voltage arm formed by a 1.5 volt battery indicated at BI 
and a second volag$ arm consisling of a fi volt hattery 
indicated a! B 2 and across which (here is provided a range 
control consisting of a variable potentiometer R5. $$ 
Electrode terminals are provided at A and B for the con¬ 
nection of the network to the body of a human subject, 
torminaE A being connected through a preset 5K variable 
potentiometer R 2 to (he junction X of Rl and R£ a and the 
terminal li being connected to the slider of RS which* in the ^ 
present embodiment comprises a 20 K ohm linear potenti¬ 
ometer. Between the junction indicated at Y of battery BI 
with E2 and (Eie connection of terminal A to potentiometer 
R 2 h there is arranged a transistorized D.G, amplifier ar¬ 
ranged to feed a moving coii meter for indicting the 
out-of-bnlance current of (he bridge network- It will be 
clear that with an open circuit between the subject 
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terminals A and B, the bridge will balance when (be 
slider of potentiometer R5 is at the nagalive end of its 
travel. 

Briefly, the operation of [he device as described with 
reference Co FIGURE 1 is that when the device is applied 
to (he body of a human being, as by gripping of I he 
terminal electrodes in the hands of [he subject, the body 
resistance shunts the resistor Rl thereby unbalancing the 
bridge, or causing the degree of Urtbftlanceof the bridge 
to change. Potentiometer RS is then adjusted to restore 
balance lo the bridge as indicated on (ho meter. The in¬ 
strument then becomes very sensitive to changes in the 
body resists nee of the subject, a very small change of such 
resistance causing a relatively large change in the deflec¬ 
tion of the meter pointer. 

Referring now to the circuit diagram of FIGURE 3, the 
D.C. amplifier comprises three Iransislors TRl, TR2 and 
TR3 which derive their operating power from the bat¬ 
teries BI and B3, the transistors each cobbling in the 
present embod iment, of a Mu Hard F-N-P typo transistor 
CC70. It wilj bo noted that in FIGURE 3 llie input to the 
D.C. amplifier is applied between the bast and emitter of 
the first transistor TRl, the emitter of TR1 being re¬ 
turned through a 4.7K resistor R7 £0 the positive side of 
battery BI whereas in FIGURE 1 the amplifier Es shown 
as connected to junction Y of batteries Bl and B2. How¬ 
ever, In FIGURE 3, the circuit is so adjusted foa( under 
balance conditions there is- a potential difference of 1-5 
volts across the load resistor R7. This potential difference 
is equal to the battery voltage so that the circuit behaves 
exactty as though it wore indeed connected as a simple 
bridge in (he manner show in FIGURE I. 

Transistor TRI of the input stage, is an emitter follower 
having a fairly high input resistance., it befog necessary to 
keep the input resistance of the amplifier high relatively 
to foe resistance o£ the bridge in order to prevent loading, 
since loading is particularly Important when foe bridge is 
Operated in an unbalanced condition. 

For the connection of foe subject electrodes A and B to 
the instrument, [here Is provided a telephone jack Jl h&v^ 
fog spring contacts indicated diagrammatic-ally at I and 
2 r adapted to be connected, upon Insertion of an appro¬ 
priately wired ping (not shown) to the electrodes A and 
B respectively. Contact 2 is connected lo R 2 and also to 
the base of the fiftt irftfliiStorTRL Contact I of ihe jack 
is connected to the slider of the range control potentiom¬ 
eter R5 and is also operatively associated with a single 
pole switch SI in such ft manner that when the plug is 
withdrawn, switch Si closer to connect across foe jack 
contacts I and 2, a 5K ohm resistor RIO in place of the 
subject's body. In the present embodiment, the resistance 
arms R1 and R4 of the bridge comprise resistors of 22IC 
and ohms respectively. The range control potentfom- 
etcr R5 Is connected at one end to the negative side of 
battery R 2 through Switch S 2 ftnd at the other end to the 
negative side of battery BI through a 2.2K ohm resistor 
RG and a switch S3. The ba^a of transistor TRl k also 
connected through resistor U9 to the negative side of 
meter MI. and the collector of transistor TRl is connected 
through switch S 2 to the negative side of battery B 2 , The 
emitter of TRl is connected through a 470 ohm resistor 
RS £0 the base of foe second stage transistor TR2 r the 
latter being arranged as a conversion at common-emitter 
stage which provides most of the current gain. The 
emitter of TR2 es connected through a 5K ohm pre-set 
variable resistor R13 to the positive side of battery El 
and this emitter is also connected forough a sensitivity 
cOn(ro! RI 6 comprising a 5K ohm reverse-log variable 
resistor, and forough the switch S3 to the negative side 
of battery BI. The collector of TR2 is connected directly 
to the emitter of TR3, and j's also connected through a 
5.6K ohm resistor RII and switch S 2 * to the negative side 
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of battery B 2 . The base of TR3 is connected to Use 
junction of resistors RI4 and R35, cacl \ of 22K ohms, 
RI4 being connected through, switch S 2 to the negative 
side of battery B2 and RlS being connected to (he slider 
of resistor Rttf, The collector of TR3 is connected to a 
contact 3 of switch 54 so that by operation of that switch 
the collector c&n be connected to the positive side of the 
meter. The meter is shunted by a 4,7 K ohm resistor R17 
and (lie negative side thereof is connected through 22 it 
ohm resistor KlB and switch S3 to (he negative side of 
the battery B2. The switch 54 has a contact § connected 
through 43K ohm resistor KI 2 to the positive side of bat- 
(cry BL and ft further contact JC .0 connected to (be nep- 
tivc side of the meter to shunt the meter for transit pur¬ 
poses, The transistor TK3 of the output siage is con¬ 
nected in the common-base configuration and constitutes 
an impedance matching device feeding the indicating 
meter. 

The roister R9 is a ftegative-feed back resistor which 
helps stabilize the overall gain. Its value depends upon 
the type of transistors used, as follows: 

For Beta of 50 to 15G h R9 will have a resistance of 1 
megohm. 

For Bela of 30, R9 will have a resistance of 2.2 meg¬ 
ohms. 

Fox Beta Of 10 to 20, R9 will he open circuit. 

The switches £2 and S3 are the main on-off switches 
and arc conveniently formed by ft double-pole on-off 
switch ganged lo the range control R5. Switch S4 is a 
single-pole treble throw switch Operated by knob 32 
(FIGURE 4). 

The indicating meter Ml is a moving-coil meter capable 
of reading from 0 to 100 rtiicroamps aL full scale deflec¬ 
tion* the meter having an arcuate scale 3 (FIGURE 4) 
divided into sections. At about one-third scale deflection, 
(hero is provided a smalt sector of the arc marked <L SET 
NEEDLE HERE. 1 * At the full-scale end of (he am 
there is anoliicr small sector marked "Battery Test . 11 Be¬ 
tween these two small sectors, the scats is colored red 
and marked "FALL/* The portion of Ihe scale below the 
“SET NEEDLE HERE 1 * sector, is colored green and 
marked “RISE - 11 The 51 ohm pre-set variable resistor R2 
is provided between the subject terminals and the ampli¬ 
fier detector, to permit compensation for variations in 
component values. The resistance value of the optimum 
female subject Is 5IC ohms and the instrument is there¬ 
fore standardized at this value. Fox the setting of R3, 
there is provided a control 4 (FIGURE 4) marked 
TRIM.” 

The range control potentiometer RS has a control knob 
5 and a linear scale 6 marked from “ 1 * to “ 6 ” and extend- 
in" over an art of 240", which is divided into divisions of 
40°. In Lite initial adjustment of (he instrument, R2 is 
adjusted in such a manner that when (he input jack plug 
i& withdrawn, and the 5K, ohm resistor RIO is thus con¬ 
nected across the input, a batance is established when the 
range control R5 is set to <b 2” On ite Scale. When this 
adjustment has been made, the balance point should be 
at cm the range control scale d of R5 with a resistance 
q£ 12,500 oil ms connected across (he input. Thus when 
the instrument is correctly adjusted the meter pointer 7 
should indicate (he center Of the “SET NEEDLE HERE” 
sector of (he scale when the control 5 of R5 is set to read 
" 2 ,h on its scale. In order to set up the calibration it is 
merely necessary to set the control 5 (o tl 2 " withdraw the 
plug of the jack J 1 and adjust R 2 hy means of the control 
4 to bring the meter pointer to Lite correct deflection, 

WiLh the body of a subject connected to (he electrodes 
A and B r and the range control R5 adjusted For balance* 
ft fall in the resistance of -subject's body will cause the 
base current of transistor TR1 to change in a negative 
direction. This increases the current in R7 so (hat the 
base of TR2 is also carried negative. This, fn (urn, makes 
the emitter of TR3 more positive. The collector current 
Of TR3 then increases and thereby increases the deflcc- 
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lion of the meter pointer. If, on the other bond, (lie 
body resistance of the subject increases, the bare current 
of TRl. will change in a positive direction and (here will 
be a consequential reduction in (he deflection of the meter 
5 pointer. 

When the bridge Is lu a balanced condition* llterc will 
be 1.5 volts applied to the bare of TRl and The meter 
pointer 7 should indicate the center of the Hi SET NEEDLE 
HERR" sector of the scale. The amplifier should be so 
ju adjusted that this becomes a virtual zero condition* That 
is to say, when this condition prevails, variation of ampli¬ 
fier gain should not alter (he meter reading. If* how¬ 
ever, (here is unbalanced voltage sue!) that (bo meter in¬ 
dication is above or below this virtual zero reading, an 
15 increase in gain will move the pointer further above or 
below tlis zero condition, as the case may be. 

Tiie gain of the amplifier is adjusted by means of the 
knob Ii (FIGURE4) Of Lite sensitivity control RIG which 
varies the negative feedback applied to transistor TR2, 
£0 part of the emitter current of TR2 flowing through RlG 
and part through the variable resistor R13. The 

latter is adjusted Lo such a value that, when rhe meter 
pointer is at Hie center of the tr BBT NEEDLE HERE” 
Met or of the scale, the voltage drop across it is jus( equal 
25 to the battery voltage; thus, for this reading and for this 
reading only* no current flows i n RIG and its setting docs 
not affect (he indication of the meter. 

Because the instrument is primarily intended for the 
detect ion of changes in the body resistance of a hum an 
30 subject, precautions must be taken to minimize changes 
in the meter deflection due to other causes. Changes due 
to unstable or noisy transistors arc overcome by careful 
sclcclion of transistors bat a change in gain with change 
in temperature, which is one of rhe fundamental chftr- 
35 acterisiics of all transistors, can give rise to a steady drift 
which may he misleading. To correct for this type of in¬ 
stability, the transistor TR3 is introduced between R 1 and 
B2 and sreross transistor TR2. The emitter of transistor 
TR3 is connected to the collector of transistor TR 2 - there¬ 
to fore a voltage drift on the collector of transistor TR2 wiEl 
produce a compensating voltage change on the emitter oF 
transistor TR3. Thus, transistor TRl is an emitter fol¬ 
lower whose output is delivered (0 the base of transistor 
TR2 through resistor Rfi. The emitter of TR 2 receives 
45 bias voltage at the junction of resistors R13 und RI 6 , ad¬ 
justed by means of RIG, The base of transistor TR3 
receives bias voltage at Ehe junction of resistors R14 and 
R15. Tlte output current of the ampEifter flows from the 
collector of TR3 through (he indicating meter Ml with 
50 compensation for voltage drift provided by the intercon¬ 
nection of the collector of TR 2 and the emitter of TR3 t 
as above described. 

In she circuit of FIGURE 2 ^ the collector of transistor 
TR2 is also connected to rhe emitter of transistor TR2, 
55 providing the same type of drift compensation. Here 
again, the transistor TRl is 3 n emitter follower whose 
output is delivered lo the base of transistor TK 2 through 
resistors Rfi and R.3. 

In both FIGURES 2 and 3, the first stage of (he ampli- 
00 her Es an emitter follower and the second and third stages 
are cascaded in ft manner to provide drift compensation, 
as above described. 

When Lite switch $4, operated by (he knob 12, h turned 
into t!s fully clock-wise position to disconnect thy meter 
G 5 from the amplifier* it operates (o place (he resistors RI8 
and RI2 across the battery. With the swirdi S4 in This 
position, a deflection of the meter scale to the "BATTERY 
TEST 1 * sector is obtained only when (he bit (erics arc de¬ 
livering (heir correct voltage. Turning the switch S4 in 
7ft an anticlockwise direction wilt, of course, operate it to 
connect the meter lo the amplifier, whilst its central posi¬ 
tion is used for transit purposes only. 

H will be understood that ihe component values indi¬ 
cated above are given purely by way of example* and may 
7ij be modified as required* according to (lie nature of (he 
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transistors and (he particular form of circuit described, 
As previously indicated, toe device hereinbefore described, 
is intended more particularly for u$e in indicating changes 
in the body resistance of a human subject, but here again, 
the circuit and Ihc components I hereof may be modified 
according to the particular use of the device. 

What is claimed is. 

In a resistance measuring and indicating device, a 
bridge network havuig cm erne side thereoj a first resist* 
a nee arm connected in series with a second resistance 
arm, and on tot other side thereof a first voltage arm con¬ 
nected in series with a second voltage arm, there being 
connected in series between the junction of the first and 
second resistance arms and the junction of the voltage 
arms a transistorized amplifier circuit and current Indi¬ 
cating means showing changes in balance oi the bridge 
network, two electrode means adapted to be connected 
to a living body, said electrode means being connected 
respectively lo the terminals of one of said resistance 
arms, whereby the living body can be connected across 
said one of the resistance arms, a range control compris¬ 
ing a potentiometer connected across said first voltage 
arm, said potentiometer having a sliding contact con¬ 
nected to (lie bridge network, one of said electrode means 
being connected to said sliding contact, a variable resist¬ 
ance connected between (he other electrode mean* and 
the junction of the first and second resistance arms, said 
variable resistance being adjustable to enable a balance 
to be established in the initial setting of the bridge net- 
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work, said amplifier circuit com prising a transistor emitter 
follower and cascaded second and third transistors con* 
netted to the output of the emitter follower, the collector 
of the second transistor being connected to the emtWer of 
3 the (bird transistor, whereby £o provide voltage drift com¬ 
pensation, Ihc indicating means comprising a moving coil 
meter connected In circuit with the collector of the third 
transistor and the first voltage atm, a sensitivity control 
branch connected across the second voltage arm and com- 
■jfy prising two series-connected resistors, at least one of which 
is variable, the junction of said last-named resistors being 
connected directly to the emitter of the second transistor* 
said other elect rode means being connected directly to 
the base of the transistor emitter follower, and a resistive 
1 $ negative feedback branch connecting Ihe output of the 
amplifier to ihc bast of the transistor emitter follower. 
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